This study was carried out to determine the heavy metal contents of hollyhock (Alcea rosea L.) in roadside soils of Van Lake Basin. The leaf samples of the hollyhock were taken from the roadside areas affected by heavy metal pollution due to intensive motorized traffic and from areas 30 m from the roadside by taking into account prevailing wind direction in 10 different locations. There were only significant differences for Mn, Cu, and Zn contents of leaves according to the sampling locations. The mean Fe (383.3 mg kg ) contents of leaves sampled from roadside areas were significantly higher than mean heavy metal contents of leaves sampled from the areas 30 m from the roadside. The increasing ratios in mean heavy metal contents of leaves were ordered as Cd (309.3%) > Cr (248.9%) > Ni (130.6%) > Fe (75.9%) > Pb (64.3%) > Mn (40.6%) > Cu (26.1%) > Zn (22.7%). High heavy metal uptake by the plants grown near the roadside occurred due to pollution by intensive motorized traffic.
Introduction
The toxic chemical substances released into the environment have adversely affected the natural environment, human health, and agricultural production efficiency [1] . The contamination of agricultural soils with several heavy metals including cadmium, lead, copper, and chromium has been widely reported [2] .
Much research has been conducted regarding heavy metal contents in soils of Turkey and European Union Countries. The heavy metal contents of soils in Turkey's Bartin Region have been reported for Pb, Zn, Ni, Cu, Cd, Mn, Cr, and Fe in the range of 100-400 mg kg -1 , 20-300 mg kg -1 , 1-100 mg kg -1 , 50-100 mg kg , and 1-1,000 mg kg -1 , respectively [3] . The highest mean values of Al, Cd, Cr, and Pb in cultivated soils of Van Lake Basin in Turkey were determined as 103.57 mg kg -1 , 0.514 mg kg -1 , 2.79 mg kg -1 , and 2.48 mg kg -1 were reported as 100 mg kg -1 , 200 mg kg -1 , 1 mg kg -1 , 100 mg kg -1 , 50 mg kg -1 , 60 mg kg -1 , 20 mg kg -1 , and 0.5 mg kg -1 , respectively [5] . In another study, the mean values of Pb, Cu, As, and Hg in Belgrade-PreSevo soils were determined as 40.94 mg kg -1 , 25.25 mg kg -1 , 7.69 mg kg -1 , and 0.13 mg kg -1 , respectively [6] . Heavy metals such as Cd, Cu, Co, Ni, and Pb are reported as important elements not only because of the long-term accumulation in humans but because of the high potential for root uptake and accumulation in aboveground plant parts [7] . Heavy metals are among the most harmful environmental pollutants, and many researchers have reported their effects on plants and soil in areas close to main roads and motorways [8] [9] [10] . Traffic is a common source of soil and plant contamination with heavy metals [11] . Although some elements are necessary for the growth and development of crops, heavy metals at high concentrations affect plants toxically [12] .
In modern cities there is heavy traffic and the total number of vehicles operating in urban areas has rapidly increased in recent history. Heavy traffic can produce a lot of road dust in urban areas. Heavy metals produced by vehicular exhaust and road, tire, and brake abrasion can be deposited in road dust [13] .
Heavy metals are also found in fuels, in the wall of fuel tanks, in engines and other vehicle components, tires, as well as road surface materials [14] [15] . Plants have been reported as intermediates in which heavy metals in soil, air, and water are transferred to the human body through consumption [13] .
Metals such as Cr, Mn, Zn, and Cu are generally found in low concentrations in green plants, which have no effect on the health of the organisms in the food chain [16] . However, in industrial, urban, and roadside areas their concentrations in plants may increase up to toxic levels for the health of living organisms [17] .
Heavy metals and elements are accumulated in the roots and shoots by some plant species because of their high tolerance capabilities to heavy metal toxicity. Therefore, it is necessary to investigate concentrations of heavy metals and accumulation of heavy metals in edible plants.
Medicinal plants are the primary source of health care for the majority of the world population. Therefore, investigating the content of heavy metals in medicinal plants contaminated by toxic metals has high importance [18] .
Alcea rosea (L.) belong to the Malvaceae family and is a wild medicinal plant. The plant is native to China, Southern Europe, the Middle and Near East, and Mediterranean and Central Regions. A. rosea is a popular garden plant. On the other hand, it is widely used traditionally for the treatment of the irritation of oral, pharyngeal mucosa, and associated dry cough, mild gastritis, skin burns, and for insect bites. It is also used to treat catarrh of the mouth and throat, gastrointestinal and urinary tract complains, ulcers, abscesses, inflammation, burns, diarrhea, and constipation [19] .
The objective of this study was to determine the potential of heavy metal (Fe, Mn, Cu, Zn, Cd, Cr, Ni, and Pb) contamination in leaves of Alcea rosea (L.) growing on roadside soils.
Material and Methods
This study was conducted in urban roadside areas and areas far from roadside areas in Van Lake Basin. The plant samples were taken from 10 different locations ( Fig. 1 ) by taking into account prevailing wind direction. GPS readings belonging to sampling locations and traffic intensity are given in Table 1 .
Hollyhock leaf samples were taken from the roadside areas affected by heavy metal pollution due to intensive motorized traffic, and areas 30 m from the roadside in 10 locations. A total set of 40 plant samples was taken from 2 sampling points according to the roadside (0 m and 30 m) in each location. Plant samples were washed, dried, and crushed for heavy metal element analyses. After plant leaf samples were digested with a mixture of nitric and percloric acid (3:1 ratio), Fe, Mn, Cu, Zn, Cd, Cr, Ni, and Pb contents in leaves were analyzed by atomic adsorption spectrophotometer (Thermo ICE 3000 series) [20] .
Variance analyses of the experimental data were done using an SPSS statistic program and differences between means (at P<0.05 and P<0.01) were tested by multiple comparisons using the least significant difference (LSD) test.
Results and Discussion
According to variance analyses results in Table 2 , there were significant differences between the locations and the sampling positions (0 m and 30 m away from the roadside) for heavy metals contents of leaves. Mean heavy metal contents of leaves in the sampling locations according to sampling positions are given in Table 3 .
We found that mean Fe, Cu, Cr, Ni, and Pb contents of leaves significantly (P<0.05) decreased in plant leaves sampled from the roadside (0 m) to 30 m away from the roadside ( Iron contents of leaves sampled from the different locations were not statistically different from each other ( Table 4 ). The high mean Fe contents were determined as 542.83 mg kg -1 and 557.00 mg kg -1 in Van City Center and Edremit sampling locations, respectively. These locations have more traffic density than the other locations ( Table 1) .
The normal Ni, Pb, and Cu levels in plant tissues are reported in the range of 0.1-5 mg kg , respectively [17] [18] [19] [20] [21] [22] [23] . In this study, Ni contents determined in leaves sampled from Edremit and Van-City Center were higher than the normal levels. The Pb contents in leaves were found in the range of normal level, except the plants sampled from the roadside of the Gevaş location, but it was not a critical level. The means of Cu in leaves were generally found to be higher than the normal level and some of them sampled from different positions and locations were at toxic levels (>20 mg kg , respectively [25] . The means of Zn contents in leaves were in the normal range while the means of Cd contents in leaves were higher than the normal range level. According to the normal range values reported for Mn and Cr contents in plants [26] , the mean Mn contents in leaves were in the normal range (15-100 mg kg -1 ), the mean Cr contents in leaves were generally higher than the normal range (0.2-1.0 mg kg -1 ). Mean Fe contents of leaves sampled from the roadside position were generally higher than the range of normal levels (50.0-2.40 mg kg , respectively [17] [18] [19] [20] [21] [22] [23] [24] . In this study, Ni contents of leaves sampled from Edremit and Van-Center locations were found to be higher than normal levels. The contents of Pb in plants were found to be in a normal range, except for the Pb content of leaves sampled from a roadside position in the Gevaş location.
When compared to sampling positions 30 m away from the roadside, the increasing ratios in mean heavy metal contents of leaves sampled from the roadside (0 m) were ordered as (26.1%) > Zn (22.7%). The higher increasing ratios were determined in Cd, Cr, Ni, and Fe contents. Alcea rosea (L.) has been reported to have a stronger Cd tolerance and accumulation capacity than other ornamental plants [27] . According to results of completed numerous studies, Impatiens balsamina, Calendula officinalis, and Alcea rosea had higher tolerance and accumulation ability to Cd and Pb. [28] . Alternanthera bettzickiana having Cd accumulation property at high levels had 100 mg kg -1 Cd content under 2.0 mM Cd treatment to growing media [29] . The treatment of Cd is higher than 20 mg l -1 and had no effect on germination rate and germination vigor of A. rosea seeds [30] .
The means of Cu, Cr, and Pb contents in leaves were also at high levels in Campus, Edremit, and Gevaş sampling locations where these places have intense traffic. Vehicle emissions are considered one of the main sources of heavy metal contamination in urban areas. The sources of heavy metal pollution are mainly power stations, old coal-fired furnaces, and care combustion gases [31] in polluted air.
It was reported that some medicinal plants such as mint, lavender, marigold, hollyhock, garlic, and garden sorrel can accumulate high amounts of toxic heavy metals in their tissues [32] . Moreover, plants have good bio indicator properties [33] .
Numerous studies have indicated that Cd, Fe, Cu, Cr, Ni, and Pb contents of plants decrease related to increasing distance from roadsides . Our results are in agreement with these findings. On the other hand, it has been reported that these heavy metal concentrations are usually at high levels in urban and industrial areas [18] . Generally, heavy metal contents of soils decrease with increasing distance from the pollutant emission sources [34] .
It has been reported that traffic pollutants contain hazardous toxic metals for health such as Pb, Cd, and Zn [35] . In this study, higher Fe, Mn, Cu, Zn, Cd, Cr, Ni, and Pb contents in plant tissues were determined in roadside areas influenced by motorized traffic.
It is known that herbs growing in the natural habitat and used for medicinal purposes have an ability to accumulate heavy metals in their tissues [36] [37] . In this study hollyhock accumulated heavy metals due to motorized traffic. Perennial plants like Althea rosea have significant heavy metal levels compared to those of monocarpic plants [38] .
It has been reported that Cd accumulation in shoots and roots was up to 131.9 and 67.5 mg kg -1 , respectively, when soil Cd was 30 mg kg -1 , and 178.5 and 135.6 mg kg -1 , respectively, when soil Cd was 100 mg kg -1 [39] . Thus Alcea rosea is regarded as a potential Cd hyperaccumulator. A. rosea accumulated Cd, Cr, Ni, and Fe caused by intensive traffic.
Euroasian people used the various subspecies of this plant genus since very ancient times. Alcea rosea is the most investigated subspecies of Alceae. Antioxidant activity was reported for Alcea rosea [40] [41] [42] . Alcea subspecies having A. pallida [43] and A. rosea [39] were reported as heavy metal accumulators.
Conclusions
As a result, the highest Fe, Mn, Cu, Zn, Cd, Cr, Ni, and Pb means were determined in the sampling position close to the roadside. The lowest mean Fe, Mn, Cu, Zn, Cd, Cr, Ni, and Pb contents in leaves were obtained in the sampling point 30 m from the roadside. The significant differences were found for mean Mn, Cu, and Zn contents of leaves sampled from the different locations. The highest mean Mn, Cu, and Zn contents in leaves were obtained in Canik, Edremit, and Ahlat sampling locations. 
